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Abstract 
The heat transfer phenomena of supercritical carbon dioxide are experimentally investigated in a vertical tube with 
silica-based porous media. The experiment is conducted for the various static pressure, the flow rate, the initial wall 
temperature, and nonporous or porous media. The results show that the heat transfer coefficient with porous media 
increases as the flow rate increases. Moreover, the excellent performance is exhibited at 10 MPa because of the 
effects of inlet temperature. In addition, the effects of the porosity and the initial wall temperature are weak through 
these results. This study will provide the effective data for regarding the operating conditions of the enhanced 
geothermal system. 
© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction 
Geothermal energy is a type of renewable energy that releases few CO2 emissions [1], and is a critical 
future source of energy. Geothermal systems are divided into traditional and nontraditional geothermal 
systems. Nontraditional geothermal systems are enhanced geothermal system (EGS), and inject working 
fluid through injection wells into reservoirs approximately 3000 m deep. The working fluid is heated in 
the reservoir by hot rocks with temperatures of 250 ºC, and then flows out of the ground through the 
production well. Water and CO2 can be used as working fluids. Supercritical CO2 has been suggested as 
an EGS working fluid. Determining the thermal behavior of supercritical CO2 at high temperatures and in 
reservoir pressure is crucial. Brown first proposed CO2-EGS in 2000 [2], but studies related to CO2-EGS 
have recently proliferated. Wan et al. investigated the impact of fluid-rock interaction on CO2-EGS in 
2011 [3], and reviewed numerous studies on CO2-EGS. To determine the availability of CO2-EGS, 
researchers have discussed several topics, including CO2 mineralization by injecting CO2 into granite and 
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sandstone [4], CO2 sequestration in deep-saline aquifers [5], and CO2-rock interactions at high 
temperatures [6]. In 2006, Pruess et al. extensively investigated the heat transmission [7], sequestration of 
carbon [8], and production behavior [9] of CO2-EGS.  
Heat extraction is crucial for CO2-EGS. To determine the heat extraction of CO2-EGS, numerous 
phenomena have been observed and studied. Several studies have investigated heat transfer phenomena 
related to CO2-EGS: the flow of CO2 is more satisfactory than that of water in low-permeability reservoirs 
[10], and the pressure drop and heat transfer performance of a CO2 geothermosiphon was observed to be 
superior to those of water-based systems [11]. Liao et al. determined that buoyancy effects were 
significant for all flow orientations [12, 13].  
However, all of these studies have been limited by the absence of an experimental system used to 
investigate the performance of supercritical CO2 in artificial conditions of reservoir. This study 
determined the efficiency of using supercritical CO2 to perform heat extraction in silica-based porous 
media. 
Nomenclature 
A Inner surface area of test section (m2) 
h  Heat transfer coefficient (W/m2k) 
i Enthalpy (kJ/kg) 
m  Mass flow rate (kg/s) 
Q Heat (W) 
Tm Mean temperature of CO2 between inlet and outlet (ºC)  
in Inlet 
out Outlet 
w wall 
2. Experimental apparatus 
The schematic diagram of the experimental system is shown in Fig. 1. The experimental system 
consisted of a CO2 cylinder, high pressure pump, preheated water bath, cooling water bath, heating unit, 
test section, computer, and data logger. The test section was composed of stainless steel tube, and had 
inside and outside diameters of 1.0 mm and 1.5 mm, respectively, and a length of 1.8 m. The heating unit, 
connected to a supply, was composed of a resistor, copper, and thermal insulator. The copper can avoid
the concentration of thermal on the tube wall. During the experiment, thermal grease was used to provide 
low thermal contact resistance between the test section and the heating unit. Additionally, a 100-mm thick 
thermal insulation layer was used to reduce heat loss from the side wall of the heating unit. A syringe 
pump (Teledyne ISCO pumps 520D) was used to provide a precise flow rate and high static pressure.  
The temperature and static pressure of the supercritical CO2 were measured using eight calibrated T-
type thermocouples and four pressure transducers. The system pressure was set at 7.5, 10, or 14 MPa; the 
flow rate was set at 10, 30, 40, or 50 mL/min; and the initial wall temperature was set at 150 or 200 ºC to 
determine the behavior of supercritical CO2 when applying various experimental parameters.
3. Experimental results and Discussion 
The heat transfer rate from the tube wall to CO2 was calculated in a steady state as follows: 
)( inout iimQ −= 
To determine the heat transfer coefficient, the LMTD was obtained using the following equations: 
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To simulate the reservoir temperature, the initial wall temperature was preset at 150 or 200 ºCĭ with a 
constant heat flux. As the initial wall temperature reached a steady state, the supercritical CO2 was poured 
into the test section. As shown in Figs. 2 and 3, the effect of the initial wall temperature on the heat 
transfer coefficient was minor between 10 mL/min and 50 mL/min when using nonporous media. 
However, when applying a flow rate of 10 mL/min, the temperature of the CO2 at 200 ºC was higher than 
that at 150 ºC. The effects of using the porous media are shown in Fig. 4. The results indicated that the 
heat transfer coefficient for the porous media was higher in Fig. 4(b) when the flow rate was above 30 
mL/min. According to a comparison of Figs. 2(a), 3(a), and 4 (a), applying 10 MPa of static pressure and 
a constant inlet temperature of 40 ºC clearly improved performance due to 46.85 ºC of pseudocritical 
temperature at 10 MPa. 
Fig. 1 Schematic of experimental 
apparatus. 
Fig. 2 Heat transfer coefficient at 14 MPa for initial wall 
temperature (a) 200 and (b) 150ʚ. 
Fig. 3 Heat transfer coefficient at 7.5 MPa for initial wall temperature (a) 200 and (b) 150ʚ/!
Fig. 4 Heat transfer coefficient at 10 MPa and 200ʚ for (a) non-porous and (b) porous. 
4. Conclusions 
(a) (b) 
(a) (b) 
(a) (b) 
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EGS use working fluids to extract and transmit geothermal heat in a reservoir. In this study, the heat 
performance of supercritical CO2 was investigated in various experimental conditions. The results 
showed that the use of porous media and a particular flow rate increased the heat transfer coefficient. 
Moreover, a static pressure of 10 MPa enabled excellent performance, because of 46.85 ºC of 
pseudocritical temperature at 10 MPa. This study provides data regarding EGS operating conditions. 
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